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(567)  Asystem attachable to a refrigeration circuit in-
cludes a recovery pump attachable to the refrigeration
circuit to remove refrigerant. The recovery pump includes
a pump, an electric motor, a battery pack, and a recovery
pump controller for controlling the operation of the electric
motor. The recovery pump controller has a first commu-
nication interface. The system furtherincludes an acces-
sory attachable to the refrigeration circuit concurrently
with the recovery pump. The accessory includes a sensor
for detecting a characteristic value of the refrigeration
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circuit, and an accessory controller electrically connected
with the sensor to receive a signal corresponding with
the characteristic value of the refrigeration circuit. The
accessory controller has a second communication inter-
face to communicate the signal to the recovery pump
controller via the first and second wireless interfaces. The
recovery pump controller controls the operation of the
electric motor based upon the signal received from the
accessory.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit to co-pending
U.S. Provisional Patent Application No. 62/697,767 filed
July 13, 2018, the entire content of which is incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to pumps, and
more particularly to recovery and vacuum pumps for re-
frigeration and air-conditioning systems.

SUMMARY OF THE INVENTION

[0003] Theinvention provides, in one aspect, a system
attachable to a refrigeration circuit includes a recovery
pump attachable to the refrigeration circuit to remove re-
frigerant therefrom. The recovery pump includes a pump,
an electric motor for driving the pump, a battery pack for
providing power to the electric motor, and a recovery
pump controller for controlling the operation of the electric
motor. The recovery pump controller has a first commu-
nication interface. The system furtherincludes an acces-
sory attachable to the refrigeration circuit concurrently
with the recovery pump. The accessory includes a sensor
for detecting a characteristic value of the refrigeration
circuit, and an accessory controller electrically connected
with the sensor to receive a signal therefrom correspond-
ing with the characteristic value of the refrigeration circuit.
The accessory controller has a second communication
interface to communicate the signal to the recovery pump
controllervia the firstand second wireless interfaces. The
recovery pump controller is operable to control the oper-
ation of the electric motor based upon the signal received
from the accessory.

[0004] The invention provides, in another aspect, a
system attachable to a refrigeration circuit includes a re-
covery pump attachable to the refrigeration circuit to re-
move refrigerant therefrom. The recovery pump includes
a pump, an electric motor for driving the pump, and a
recovery pump controller for controlling the operation of
the electric motor. The recovery pump controller has a
first communication interface. The system further in-
cludes an accessory attachable to the refrigeration circuit
concurrently with the recovery pump. The accessory in-
cludes a sensor for detecting a characteristic value of the
refrigeration circuit, and an accessory controller electri-
cally connected with the sensor to receive a signal there-
from corresponding with the characteristic value of the
refrigeration circuit. The accessory controller has a sec-
ond communication interface to communicate the signal
to the recovery pump controller via the first and second
communication interfaces. The recovery pump controller
is operable to control the operation of the electric motor
based upon the signal received from the accessory. The
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accessory includes atleast one of an electrically actuated
fluid valve coupled between the pump and the refrigera-
tion circuit to selectively place the pump in fluid commu-
nication with the refrigeration circuit, or a gauge acces-
sory that is attachable to the refrigeration circuit and is
disposed remotely from the recovery pump. The signal
being indicative of the pressure within the refrigeration
circuit proximate the gauge accessory.

[0005] The invention provides, in another aspect, a
system attachable to a refrigeration circuitincludes a vac-
uum pump attachable to the refrigeration circuit to re-
move fluid therefrom. The vacuum pump includes a
pump, an electric motor for driving the pump, and a vac-
uum pump controller for controlling the operation of the
electric motor. The vacuum pump controller having a first
communication interface. The system further includes an
accessory attachable to the refrigeration circuit concur-
rently with the vacuum pump. The accessory includes at
least one of an electrically actuated fluid valve coupled
between the pump and the refrigeration circuit to selec-
tively place the pump in fluid communication with the re-
frigeration circuit, or a gauge accessory attachable to the
refrigeration circuit concurrently with the vacuum pump.
The gauge accessory includes a sensor for detecting
pressure within the refrigeration circuit, and an accessory
controller electrically connected with the sensor to re-
ceive a signal therefrom corresponding with the pressure
of the refrigeration circuit. The accessory controller has
a second communication interface to communicate the
signal to the vacuum pump controller via the first and
second communication interfaces. The vacuum pump
controller is operable to control the operation of the elec-
tric motor based upon the signal received from the gauge
accessory.

[0006] The invention provides, in another aspect, a
system including a recovery pump attachable to a refrig-
eration circuit to remove refrigerant therefrom. The re-
covery pump includes a pump, an electric motor for driv-
ing the pump, a battery pack for providing power to the
electric motor, and a recovery pump controller for con-
trolling the operation of the electric motor. The recovery
pump controller has a communication interface. The sys-
tem includes a vacuum pump attachable to the refriger-
ation circuit concurrently with the recovery pump to cre-
ate a vacuum in the refrigeration circuit. The vacuum
pump includes a pump, an electric motor for driving the
pump, a battery pack for providing power to the electric
motor, and a vacuum pump controller for controlling the
operation of the electric motor. The vacuum pump con-
troller has a communication interface. The recovery
pump controller and the vacuum pump controller are ca-
pable of bi-directional communication via the respective
communication interfaces to control operation of the elec-
tric motors in the respective recovery pump and the vac-
uum pump.

[0007] The invention provides, in another aspect, a
system attachable to a refrigeration circuit. The system
includes a recovery pump attachable to the refrigeration
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circuit to remove refrigerant therefrom. The recovery
pump includes a first pump, a first electric motor for driv-
ing the first pump, and a first battery pack for providing
power to the first electric motor. The system further in-
cludes a vacuum pump attachable to the refrigeration
system to create a vacuum therein. The vacuum pump
includes a second pump, a second electric motor for driv-
ing the second pump, a second battery pack for providing
power to the second electric motor. The first and second
battery packs are interchangeable to provide power to
the recovery pump and the vacuum pump.

[0008] The invention provides, in another aspect, a
system attachable to a refrigeration circuit includes a
pump assembly attachable to the refrigeration circuit.
The pump assembly includes a pump, an electric motor
for driving the pump, and a pump controller for controlling
the operation of the electric motor. The pump controller
having a first communication interface. The system fur-
ther includes an accessory attachable to the refrigeration
circuit concurrently with the pump assembly. The acces-
sory includes a sensor for detecting a characteristic value
of the refrigeration circuit, and an accessory controller
electrically connected with the sensor to receive a signal
therefrom corresponding with the characteristic value of
the refrigeration circuit. The accessory controller having
a second communication interface. The system further
includes a communication hub configured to receive the
signal from the second communication interface of the
accessory and transmit the signal to the pump controller
via the first communication interface. The pump controller
is operable to control the operation of the electric motor
based upon the signal received from the communication
hub.

[0009] The invention provides, in another aspect, a re-
covery pump for use with a refrigeration circuit. The re-
covery pump includes a pump, an electric motor for driv-
ing the pump, a battery pack for providing power to the
electric motor, and a controller for controlling the opera-
tion of the electric motor. The controller includes a com-
munication interface for communicating at least one of a
performance parameter of the recovery pump to a user
or a characteristic value associated with the refrigeration
circuit to a user.

[0010] The invention provides, in another aspect, a
vacuum pump for use with a refrigeration circuit. The vac-
uum pump includes a pump, an electric motor for driving
the pump, a battery pack for providing power to the elec-
tric motor, and a controller for controlling the operation
of the electric motor. The controller includes a commu-
nication interface for communicating at least one of a
performance parameter of the vacuum pump to a user
or a characteristic value associated with the refrigeration
circuit to a user.

[0011] The invention provides, in another aspect, a
method of performing work on a refrigeration circuit in-
cludes connecting a recovery pump, a vacuum pump,
and an electrically actuated fluid valve to the refrigeration
circuit, operating the recovery pump in a fluid removal
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state, in which the recovery pump removes the refrigerant
from the refrigeration circuit, wirelessly communicating
a first notification to a portable computer in response to
termination of the fluid removal state, and wirelessly com-
municating an instruction via the portable computer to
actuate the electrically actuated fluid valve to isolate the
recovery pump from the refrigeration circuit and to place
the vacuum pump in fluid communication with the refrig-
eration circuit.

[0012] Other features and aspects of the invention will
become apparent by consideration of the following de-
tailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1is a schematic view of a system in accordance
with an embodiment of the invention, including a re-
covery pump and a vacuum pump, connected to a
refrigeration circuit.

FIG. 2 is a schematic view of the recovery pump of
FIG. 1.

FIG. 3 is a schematic view of the vacuum pump of
FIG. 1.

FIG. 4 is a plan view of a gauge pod for monitoring
the pressure in the refrigeration circuit of FIG. 1.

FIG. 5 is a perspective view of the vacuum pump of
FIG. 1.

FIG. 6 is a schematic view of a system in accordance
with another embodiment of the invention, including
arecovery pump, a vacuum pump, and a communi-
cation hub 89, connected to a refrigeration circuit.

FIG. 7A is a flow chart illustrating operation of the
gauge pod and the vacuum pump of FIGS. 4 and 5,
respectively.

FIG. 7B is a flow chart illustrating operation of the
vacuum pump of FIG. 5 without the gauge pod.

FIG. 8 is a flow chart illustrating an operation for per-
forming work on the refrigeration circuit of FIG. 1
using the system of FIG. 1.

FIG. 9 is a flow chart illustrating a control scheme
for the system of FIG. 1 while performing work on
the refrigeration circuit of FIG. 1.

[0014] Before any embodiments of the invention are
explainedin detail, itis to be understood that the invention
is notlimited inits application to the details of construction
and the arrangement of components set forth in the fol-
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lowing description or illustrated in the accompanying
drawings. The inventionis capable of other embodiments
and of being practiced or of being carried out in various
ways. Also, it is to be understood that the phraseology
and terminology used herein is for the purpose of de-
scription and should not be regarded as limiting.

DETAILED DESCRIPTION

[0015] With reference to FIG. 1, an air conditioning or
refrigeration circuit 10 includes an evaporator 15, a com-
pressor 20, a condenser 25, and an expansion valve 30.
A refrigerant circulates through the refrigeration circuit
10, changing phases between liquid and vapor when
passing through the evaporator 15 and the condenser
25. Thecircuit 10 schematically illustrates a typical vapor-
compression refrigeration cycle commonly known by
those of ordinary skill in the art. HYAC systems, such as
the illustrated air conditioning circuit 10, are commonly
found in residential properties, commercial properties,
vehicles, and many other systems.

[0016] When maintenance is to be performed on the
air conditioning circuit 10 of an HVAC system, each com-
ponent 15, 20, 25, 30 and interconnecting conduit lines
17, 22, 27, 32 are first drained or emptied of any refrig-
erant. The air conditioning circuit 10 includes a port 35
to which a recovery pump 40 and a vacuum pump 45
may be alternately or concurrently coupled to allow the
refrigerant to be removed from or introduced to the circuit
10. In some embodiments, the recovery pump 40 and
the vacuum pump 45 are separate, individual compo-
nents (FIG. 1), while in other embodiments, the recovery
pump 40 and the vacuum pump 45 are integrated into a
single housing or chassis such that the recovery pump
40 and the vacuum pump 45 may or may not be remov-
ably coupled to each other. Still, in other embodiments,
the recovery pump 40 and the vacuum pump 45 may be
integrated into a modular storage system, such as Mil-
waukee Tool's PACKOUT modular storage system.
[0017] With reference to FIG. 2, the recovery pump 40
includes a motor 50, a pump 55 driven by the motor 50
that is operable to draw suction, and a controller 58 for
controlling operation of the motor 50. The controller 58
includes a communication interface 59 for communicat-
ing with other system components, which are described
below, that interface with the circuit 10. In the illustrated
embodiment, the communication interface 59 is config-
ured to send and receive a wireless signal, which is proc-
essed by the controller 58 and for sending an instruction
and/or data to another system component interfacing
with the circuit 10. The communication interface 59 may
communicate with a network created between the recov-
ery pump 40 and other system components interfacing
with the circuit (e.g., using a cellular network, wide area
network, local area network, etc.). The communication
interface 59 may also allow the recovery pump 40 to di-
rectly communicate with other system components inter-
facing with the circuit, such as using a short-wave radio
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communication protocol (e.g., BLUETOOTH). In some
embodiments, the communication interface of the con-
troller 58 may be an electrical port to which an electrical
cable or wire is attached for communication with various
components of the circuit 10.

[0018] The pump 55 of the illustrated embodiment is a
multi-stage rotary vane pump. The motor 50 is powered
by an 18 volt Lithium-ion battery pack 60. In other em-
bodiments, multiple battery packs 60 may be used to
achieve a higher operating voltage (if used in series) or
a higher capacity (if operating in parallel). In yet other
embodiments, the battery pack 60 may include a different
nominal voltage (e.g., 12 volts, 24 volts, 80 volts, etc.).
In yet other embodiments, the recovery pump 40 may
include a power cord for connection to an external power
source (e.g., AC power through a wall outlet). The illus-
trated motor 50 is a brushless direct current (i.e., BLDC)
motor. But, in other embodiments of the recovery pump
40, the motor 50 may be a brushed DC motor or an al-
ternating current (i.e., AC) motor. The recovery pump 40
includes an inlet port 62 (FIG. 1) for drawing the refrig-
erant into the recovery pump 40 and an outlet port 63 for
discharging the refrigerant from the recovery pump 40.

[0019] With reference to FIG. 3, the vacuum pump 45
includes a motor 65, a pump 70 driven by the motor 65
that is operable to draw suction, and a controller 73 for
controlling operation of the motor 65. The controller 73
also includes a communication interface 74 for commu-
nicating with other system components, such as the re-
covery pump 40, that interface with the circuit 10. Like
the communication interface 59 in the recovery pump 40,
the communication interface 74 is configured to send and
receive a wireless signal, which is processed by the con-
troller 73 and for sending an instruction and/or data to
another system component interfacing with the circuit 10.
The communication interface 74 can indirectly commu-
nicate with the communication interface 59 in the recov-
ery pump 40 over a network, as described above, or the
communication interface 74 can directly communicate
with the communication interface 59 in the recover pump
40 as described above. In some embodiments, the com-
munication interface of the controller 73 may be an elec-
trical port to which an electrical cable or wire is attached
for communication with various components of the circuit
10.

[0020] The pump 70 of the illustrated embodiment is a
rotary vane pump commonly known in the art. The motor
65 is powered by an 18 volt lithium-ion battery pack 75.
In other embodiments, multiple battery packs 75 may
achieve a higher voltage (if used in series) or a higher
capacity (if operating in parallel). In yet other embodi-
ments, the battery pack 75 may include a different nom-
inal voltage (e.g., 12 volts, 24 volts, etc.). In yet other
embodiments, the vacuum pump 45 may include a power
cord for connection to an external power source (e.g.,
AC power through a wall outlet). The illustrated motor 65
is a brushless direct current (i.e., BLDC) motor. But, in
other embodiments of the vacuum pump 45, the motor
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65 may be a brushed DC motor or an alternating current
(i.e., AC) motor. The vacuum pump 45 includes an inlet
port 77 (FIG. 1) for drawing the refrigerant into the vac-
uum pump 45 and an outlet port 78 for discharging to
atmosphere.

[0021] With reference to FIG. 1, each of the recovery
pump 40 and the vacuum pump 45, through their respec-
tive communication interfaces 59, 74, can communicate
with a mobile electronic device or portable computer 85
(e.g., a smart phone, a tablet, a remote controller, etc.)
via a communication interface 87 in the portable compu-
ter 85. The communication interface 87 can indirectly
communicate with the communication interfaces 59, 74
in the recovery pump 40 and the vacuum pump 45, re-
spectively, over a network. For example, the communi-
cation interfaces 59, 74 may send wireless signals to a
communication hub 89 (as indicated by dashed lines)
that subsequently relays the wireless signals to the com-
munication interface 87 of the portable computer 85, as
shown in FIG. 6. In other embodiments, the communica-
tion interface 87 can directly communicate with the com-
munication interfaces 59, 74 in the recovery pump 40
and the vacuum pump 45, respectively, through a wired
connection. The portable computer 85 is capable of dis-
playing, to a user remotely situated from the pumps 40,
45, one or more performance parameters of the pumps
40, 45 (e.g., power status, motor speed, battery level
status, inlet and/or outlet port pressure and/or vacuum,
service messages and/or warnings, total elapsed time,
refrigerant levels, date and time, etc.) and/or one or more
characteristic values of the circuit 10 (e.g., pressure, vac-
uum, etc.).

[0022] The portable computer 85 may also be used to
transmit instructions, via the communication interface 87,
to either of the controllers 58, 73 to remotely control the
operation of the recover pump 40 and the vacuum pump
45, respectively.

[0023] Although not shown, in some embodiments, an
electronic display may be provided on-board the recovery
pump 40 and/or the vacuum pump 45 to communicate
to a user one or more performance parameters of the
pumps 40, 45 (e.g., power status, motor speed, battery
level status, inlet and/or outlet port pressure and/or vac-
uum, service messages and/or warnings, total elapsed
time, refrigerant levels, date and time, etc.) and/or one
or more characteristic values of the circuit 10 (e.g., pres-
sure, vacuum, etc.). Also, in some embodiments, the re-
covery pump 40 and/or the vacuum pump 45 may include
on-board gauges to display the pressure (or vacuum)
measured at the port 35 with a first gauge and the amount
of refrigerant being discharged or introduced into the cir-
cuit 10 with a second gauge. The firstand second gauges
include a respective scale and level of precision to pro-
vide the user with proper accuracy.

[0024] With reference to FIG. 1, an accessory, such
as an electrically actuated, multi-position "smart" valve
80, is fluidly connected to the port 35. The smart valve
80 includes an on-board controller, which has a commu-
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nication interface 84 for wirelessly communicating with
other system components, such as the recovery pump
40 and the vacuum pump 45, that interface with the circuit
10. In other embodiments, the communication interface
84 wirelessly communicates with the communication hub
89 (as indicated by dashed lines) that relays signals from
the smart valve 80 to other system components, as
shown in FIG. 6. The illustrated smart valve 80 is a two-
position valve capable of selectively fluidly communicat-
ing either the recovery pump 40 or the vacuum pump 45
with the circuit 10 through the port 35. Specifically, the
smart valve 80 of the illustrated embodiment is an elec-
trically actuated (e.g., by a solenoid) valve that is oper-
ated by the on-board controller to alternate fluid commu-
nication between the recovery pump 40 and the vacuum
pump 45 with the port 35. That said, the recovery pump
40 and the vacuum pump 45 are not capable of simulta-
neously being in fluid communication with the port 35. In
other embodiments, the recovery pump 40 and the vac-
uum pump 45 each have separate smart valves 80 that
are either atthe respective inletports 62, 77 or are internal
to each pump 40, 45. In other embodiments, the smart
valve 80 may also measure flow rate of the refrigerant
via a sensor (e.g., flowmeter, etc.) to be able to determine
the amount of refrigerant contained in the canister 90.

[0025] With continued reference toFIG. 1,therecovery
pump 40 is configured to be in fluid communication with
a fluid recovery canister 90. The fluid recovery canister
90 defines an empty tank capable of receiving a volume
of fluid or refrigerant. In the illustrated embodiment, the
fluid recovery canister 90 is positioned on a measuring
accessory or scale 95 that measures the weight of the
fluid recovery canister 90 via a sensor (e.g., force gauge,
load cell, etc.), which is indicative to the amount of refrig-
erant contained with the canister 90. The scale 95 also
includes an on-board controller, which has a communi-
cationinterface 97 for wirelessly communicating with oth-
er system components, such as the recovery pump 40
and the vacuum pump 45, that interface with the circuit
10 in the same manner as described above. In other em-
bodiments, the communication interface 97 wirelessly
communicates with the communication hub 89 (as indi-
cated by dashed lines) that relays signals from the scale
95 to other system components, as shownin FIG. 6. Spe-
cifically, the scale 95 can communicate with the recovery
pump 40 via its communication interface 59 for monitor-
ing the amount of refrigerant in the canister 90. In some
embodiments, the scale 95 is incorporated with the re-
covery pump 40 to form a single integrated unit. While in
the illustrated embodiment the measuring device is a
scale 95 for measuring weight, in other embodiments,
the measuring device may alternatively measure flow
rate of the refrigerant via a sensor (e.g., flowmeter, etc.)
to be able to determine the amount of refrigerant con-
tained in the canister 90. A charging canister 92, defining
a refrigerant tank capable of filling the circuit 10, may be
connected to the smart valve 80 directly (FIG. 6) once
the fluid recovery canister 90 has recovered refrigerant
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from the circuit 10.

[0026] With continued reference to FIG. 1, another ac-
cessory, such as a gauge pod 100, is fluidly connected
to the conduit line 17 and is capable of measuring the
pressure (or vacuum) via a sensor (e.g., pressure trans-
ducer, etc.) in the conduit lines 17, 22, 27, 32 of the air
conditioning circuit 10. As illustrated, the gauge pod 100
is fluidly connected to a port 105 of the conduit line 17
that is physically separate or disposed remotely from the
port 35 where the recovery pump 40 and the vacuum
pump 45 are connected. By locating the gauge pod 100
far away from the port 35, the total pressure detected by
the gauge pod 100 is a more accurate reflection of static
pressure in the lines 17, 22, 27, 32 of the circuit 10 be-
cause the effects of dynamic pressure of the flowing gas
at or near the port 35 are minimized. The gauge pod 100
includes an on-board controller, which has a communi-
cation interface 102 for wirelessly communicating with
other system components, such as the recovery pump
40 and the vacuum pump 45, that interface with the circuit
10 in the same manner as described above. In other em-
bodiments, the communication interface 102 wirelessly
communicates with the communication hub 89 (as indi-
cated by dashed lines) that relays signals from the gauge
pod 100 to other system components, as shown in FIG. 6.
[0027] The gauge pod 100 electronically communi-
cates with the recovery pump 40 and the vacuum pump
45 by sending signals indicative of the pressure (or vac-
uum) measured by the gauge pod 100. Although the
gauge pod 100 of the illustrated embodiment is in fluid
communication with the conduit line 17, in other embod-
iments, the gauge pod 100 may alternatively be coupled
to any of the conduit lines 17, 22, 27, 32 at a remote
location from the port 35.

[0028] During operation, the refrigerant in the circuit
10 is first drained and collected prior to a user performing
maintenance on the circuit 10. In order to do so, the user
connects the smart valve 80 to the port 35, the gauge
pod 100 to the port 105, and the recovery pump 40 and
the vacuum pump 45 to the smart valve 80, as indicated
by step 140 of FIG. 9. Subsequently, the recovery pump
40 and the vacuum pump 45 are connected with the smart
valve 80 via the dual inlets ports 62, 77. Once activated,
the recovery pump 40, the vacuum pump 45, the smart
valve 80, the scale 95, and the gauge pod 100 electron-
ically communicate with each other, via the respective
communication interfaces 59, 74, 84, 97, 102 or through
the communication hub 89, and assume a "ready" state.
The state of each of these components can be commu-
nicated to the user via the portable computer 85. When
the user is ready to recover the refrigerant from the circuit
10, the user may initiate operation of the recovery pump
40 by sending an instruction to the controller 58 with the
portable computer 85, as indicated by step 142. Alterna-
tively, the user may initiate operation of the recovery
pump 40 by manipulating controls on a control panel on-
board the recovery pump 40.

[0029] The smart valve 80 is actuated to place the re-
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covery pump 40 in fluid communication with the circuit
10 and activates the motor 50 (and therefore the pump
55) of the recovery pump 40 to remove refrigerant from
the circuit 10 when the recovery pump 40 in a fluid re-
moval state. The refrigerant that is being removed from
the circuit 10 travels through the port 35, the smart valve
80, the inlet port 62 of the recovery pump 40, discharged
through outlet port 63, and is then stored and collected
in the fluid recovery canister 90, thus increasing the
weight of the canister 90. The recovery pump 40 is con-
figured to detect the type of or characteristics of the re-
frigerant being removed (e.g., ASHRAE Number R134a,
R32, R410a, etc.) during collection of the refrigerant via
a sensor (e.g., viscosity sensor). In other embodiments,
the user manually selects/inputs the type of refrigerant
being used in the circuit 10 with a selector knob, a digital
display, or other means. The scale 95 upon which the
canister 90 is disposed monitors the weight of the canister
90 and sends a signal to the recovery pump controller
58 indicative of the weight of the canister 90. In one em-
bodiment, when the controller 58 detects that the weight
of the canister 90 has reached a maximum weight thresh-
old, the controller 58 stops the motor 50 (and therefore
the pump 55), discontinues the transfer of the refrigerant
into the canister 90, and begins transferring the refriger-
ant into an alternate canister (not shown). In other em-
bodiments, the controller 58 deactivates the motor 50
and the pump 55 when the weight of the canister 90, as
communicated by the scale 95, has reached the maxi-
mum weight threshold.

[0030] Meanwhile, as indicated by step 110 of FIG. 7A,
the gauge pod 100 is also sending signals to the recovery
pump controller 58 for monitoring the pressure within the
circuit 10 (e.g., conduit lines 17, 22, 27, 32) when the
refrigerant is being recovered into the canister 90. The
gauge pod 100 compares the pressure within the circuit
10 with the pressure threshold set by the user, as indi-
cated by step 112. When the gauge pod 100 sends a
signal to the recovery pump controller 58 indicative that
the pressure in the circuit 10 has reached or dropped
below a pressure threshold, the recovery pump 40 is de-
activated, as indicated by step 114. The recovery pump
40 may be deactivated due to the pressure threshold
being reached even though the maximum weight thresh-
old has not been reached. Once the pressure threshold
has been reached, the gauge pod 100 begins a timer to
count the duration since the pressure threshold was
reached, as indicated by step 116. If the gauge pod 100
is not electrically connected to the recovery pump con-
troller 58, as indicated by step 118 of FIG. 7B, then the
recovery pump 40 runs until the user deactivates the re-
covery pump 40, as indicated by step 120.

[0031] Once the recovery pump 40 is deactivated in
response to either the maximum weight threshold or the
pressure threshold, an indication is provided to the user
through either the on-board electronic display or the port-
able computer 85, as indicated by step 144 of FIG. 9.
Such an indication may be, for example, tactile (e.g., vi-
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bration), audible (e.g., a warning tone or beeps), visual
(e.g., a warning light), or a combination thereof. Gener-
ally, the indication is indicative that the refrigerant has
been recovered from the air conditioning circuit 10, as
indicated by step 122, and that the user is allowed to
service or perform maintenance on the circuit 10, as in-
dicated by step 124. Occasionally, the canisters 90, 92
need to be changed prior to the completion of emptying
or filling the circuit 10, as indicated by step 126. Other
indications may also be provided to the user for monitor-
ing various performance parameters during operation.
For example, an indication may be provided to the user
when the battery 60 has reached or drops below a charge
threshold. In response to the charge threshold of the bat-
tery 60 being reached, the controller 58 is configured to
deactivate the motor 50 and close the smart valve 80 to
seal the circuit 10 from ingress of contaminants. In other
embodiments, a biased-closed valve is provided that
seals the circuit. In another embodiment, a capacitive
circuit is provided that stores a charge sufficient to power
a valve to close and seal the circuit once the charge
thresholdis reached. Also, an indication may be provided
to the user, through either the on-board electronic display
or the portable computer 85, when the motor 50 reaches
a load threshold. In this case, the indication of the load
threshold being reached may be indicative of an issue
with the recovery pump 40 or that the recovery pump 40
may need servicing (e.g., oil change, low oil, etc.). Fur-
ther, an indication may be provided to the user, through
either the on-board electronic display or the portable
computer 85, when a potential leak is detected. In re-
sponse to a potential leak being detected, the recovery
pump 40 enters a leak detection mode, as indicated by
step 128, where the recovery pump 40 deactivates for a
predeterminedtime period. Once the predetermined time
period has elapsed, the recovery pump 40 measures the
pressure in the circuit 10, as indicated by step 130, and
compares the measured pressure to the pressure in the
circuit 10 upon entering the leak detection mode. If the
pressure changed throughout the predetermined time
period, as indicated by step 130, the recovery pump 40
indicates to a user, through either the on-board electronic
display or the portable computer 85, that there is a leak
in the system. In one embodiment, the vacuum pump 45
and/or recovery pump 40 will send, e.g., wirelessly trans-
mit, a notification to a user, e.g., to a user’s smartphone
or other wireless device. In other embodiments, the con-
troller 58 of the recovery pump 40 may alternatively close
the smart valve 80 upon the recovery pump 40 entering
the leak detection mode.

[0032] Upon completion of the maintenance on the cir-
cuit 10, the user may perform a gas purge of the circuit
10, as indicated by step 128. In one embodiment, the
recovery pump controller 58 initiates release of Nitrogen
or other gas into the circuit 10 to purge the circuit 10 of
contaminants (e.g., moisture). The majority of the con-
taminants are removed from the circuit 10 upon comple-
tion of the Nitrogen purge and the run cycle of the recov-
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ery pump 40.

[0033] Following the Nitrogen (or other gas) purge, the
smart valve 80 is controlled (by one of the controllers 58,
73) to place the vacuum pump 45 in fluid communication
with the circuit 10, as indicated by step 146 of FIG. 9.
Thereafter, the vacuum pump controller 73 activates the
motor 65 (and therefore the pump 70) to draw a deep
vacuum in the circuit 10 to remove gas (e.g., air) and any
contaminants (e.g., moisture, etc.) remainingin the circuit
10. The gauge pod 100 monitors the pressure in the cir-
cuit 10 once the vacuum pump 45 is activated. When the
gauge pod 100 sends a signal to the controller 73 indic-
ative that the pressure in the circuit 10 has reached a
predetermined pressure (in this instance, vacuum)
threshold, the vacuum pump 45 is deactivated and the
smart valve 80 may be closed, as indicated by step 148.
In some embodiments, the vacuum threshold is the same
regardless of which pump 40, 45 is running, whereas in
other embodiments, the pressure threshold is different
depending which pump 40, 45 is running.

[0034] The same performance parameters of the vac-
uum pump 45 and characteristic values of the circuit 10
that were monitored during activation of the recovery
pump 40, as described above, may also be monitored
while the vacuum pump 45 is activated. A corresponding
indication (e.g., tactile, audible, visual, etc.) is provided
to the user, through either an electronic display on-board
the vacuum pump 45 or the portable computer 85, in
response to any of the performance parameters and/or
characteristic values of the circuit reaching a predeter-
mined threshold during operation of the vacuum pump
45,

[0035] Oncethe vacuum pump 45 evacuates the circuit
10 and the user is prompted to confirm proceeding to the
next step, the smart valve 80 is instructed (through a
signal received from one of the controllers 58, 73) to place
the recovery pump 40 in fluid communication with the
circuit 10, and the recovery pump controller 58 re-acti-
vates the motor 50 and the pump 55, as indicated by step
150 of FIG. 9. This time, however, the recovery pump 40
introduces (i.e., pumps) refrigerant into the circuit 10
through the outlet port 63 when the recovery pump 40 in
a fluid supply state, as indicated by step 134 of FIG.8
and step 152 of FIG. 9. In one embodiment, the refriger-
ant that was previously removed from the circuit 10 is
reintroduced into the circuit 10. In other embodiments, a
new fluid or refrigerant from a new canister (charging
canister 92) on the scale 95 is introduced into the circuit
10. When the scale 95 determines that a weight of the
charging canister 92 or the collection canister 90 has
reached a minimum weightthreshold (e.g., indicative that
the refrigerant has been pumped into the circuit 10) the
controller 58 deactivates the recovery pump 40. An indi-
cation (e.g., tactile, audible, visual, etc.) is provided to
the user that the weight threshold has been reached (as
indicated by step 154 of FIG. 9), through either the elec-
tronic display on-board the recover pump 40 or the port-
able computer 85, to indicate that the circuit 10 has been
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refilled with the refrigerant and the process is complete,
as indicated by step 136 of FIG. 8.

[0036] As refrigerant is introduced into the circuit 10,
the canister 90, 92 becomes cold due to the expansion
process of the refrigerant exiting the canister 90, 92.
Heating the canister 90, 92 during this time is beneficial
to assist in the introduction process of the refrigerant.
Thus, a heater 107, such as a hot plate or a warming
blanket may be provided on the scale 95 to heat the can-
ister 90. In other embodiments, the heater 107 may be
an exhaust fan provided adjacent the scale 95 that blows
hot air exhausted from the motor 50 across the canister
90.

[0037] Accordingly, each of the recovery pump 40 and
the vacuum pump 45 can communicate with each other
to receive information therefrom and to automatically
control the operation of various accessories interfacing
with the air conditioning circuit 10, such as (in addition
to the pumps 40, 45) the smart valve 80, the scale 95,
the gauge pod 100. Thus, only minimal input is required
from the user, through either an electronic display on-
board the pumps 40, 45 or the portable computer 85, to
initiate a refrigerant recovery, conduit evacuation, and
refrigerant replacement processes.

[0038] Aspects of the present disclosure may be as set
out in the following numbered clauses.

[0039] Clause 1. A system attachable to a refrigeration
circuit, the system comprising:

a recovery pump attachable to the refrigeration cir-
cuit to remove refrigerant therefrom, the recovery
pump including

a pump,
an electric motor for driving the pump,

a battery pack for providing power to the electric
motor, and

arecovery pump controller for controlling the op-
eration of the electric motor, the recovery pump
controller having a first communication inter-
face; and

an accessory attachable to the refrigeration circuit
concurrently with the recovery pump, the accessory
including

a sensor for detecting a characteristic value of
the refrigeration circuit, and

an accessory controller electrically connected
with the sensor to receive a signal therefrom cor-
responding with the characteristic value of the
refrigeration circuit, the accessory controller
having a second communication interface to
communicate the signal to the recovery pump
controller via the first and second wireless inter-
faces,

wherein the recovery pump controller is operable to
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control the operation of the electric motor based up-
on the signal received from the accessory.

[0040] Clause 2. The system of clause 1, wherein the
pump is operable in a fluid removal state, in which the
pump removes the refrigerant from the refrigeration cir-
cuit when the electric motor is activated, and in a fluid
supply state, in which the pump supplies the refrigerant
to the refrigeration circuit when the electric motor is ac-
tivated.

[0041] Clause 3. The system of clause 2, wherein the
recovery pump further comprises a recovery pump sen-
sor disposed proximate at least one of a fluid inlet or a
fluid outlet for detecting a type of the refrigerant during
the fluid removal state.

[0042] Clause 4. The system of clause 2, wherein the
accessory includes an electrically actuated fluid valve
coupled between the pump and the refrigeration circuit
to selectively place the pump in fluid communication with
the refrigeration circuit.

[0043] Clause 5. The system of clause 4, wherein the
electrically actuated fluid valve is actuated to place the
pump in fluid communication with the refrigeration circuit,
and wherein the electrically actuated fluid valve activates
the electric motor to remove the refrigerant from the re-
frigeration circuit during the fluid removal state.

[0044] Clause 6. The system of clause 2, further in-
cluding a collection canister that is in fluid communication
with the pump for storing the refrigerant extracted from
the refrigeration circuit during the fluid removal state.
[0045] Clause 7. The system of clause 6, wherein the
accessory includes a measuring accessory thatis a scale
to measure the weight of the refrigerant stored in the
collection canister from the refrigeration circuit.

[0046] Clause 8. The system of clause 7, wherein the
accessory controller is configured to transmit the signal
to the recovery pump controller to deactivate the electric
motor in response to the measuring accessory detecting
that the collection canister has reached a maximum
weight threshold.

[0047] Clause 9. The system of clause 8, wherein the
accessory controller is configured to transmit the signal
to a portable computer indicating to a user that the max-
imum weight threshold has been reached.

[0048] Clause 10. The system of clause 8, wherein the
accessory controller is configured to transmit the signal
to the recovery pump controller to reactivate the electric
motor for supplying the refrigeration circuit with the re-
frigerant from the collection canister during the fluid sup-
ply state.

[0049] Clause 11. The system of clause 10, further
comprising a heater for increasing the temperature of the
collection canister during the fluid supply state.

[0050] Clause 12. The system of clause 11, wherein
the heater is a resistive heating element coupled to the
collection canister.

[0051] Clause 13. The system of clause 2, wherein the
accessory includes a gauge accessory that is attachable
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to the refrigeration circuit and is disposed remotely from
the recovery pump.

[0052] Clause 14. The system of clause 13, wherein
the accessory controller is configured to transmit the sig-
nal to the recovery pump controller indicative of the pres-
sure within the refrigeration circuit proximate the gauge
accessory.

[0053] Clause 15. The system of clause 14, wherein
the pump is deactivated in response to the signal re-
ceived from the accessory controller corresponding to
the pressure in the refrigeration circuit being equal or
below a pressure threshold.

[0054] Clause 16. The system of clause 1, wherein the
battery pack is a Lithium-ion battery pack.

[0055] Clause 17.The system of clause 1, further com-
prising an electronic display for communicating to the
user at least one of a performance parameter of the re-
covery pump or a characteristic value associated with
the refrigeration system.

[0056] Clause 18. The system of clause 1, wherein the
performance parameterincludes a load value of the elec-
tric motor.

[0057] Clause 19. The system of clause 1, wherein the
first communication interface of the recovery pump con-
troller is a first wireless interface and the second com-
munication interface of the accessory controller is a sec-
ond wireless interface.

[0058] Clause 20. A system attachable to a refrigera-
tion circuit, the system comprising:

a recovery pump attachable to the refrigeration cir-
cuit to remove refrigerant therefrom, the recovery
pump including

a pump,
an electric motor for driving the pump, and
arecovery pump controller for controlling the op-
eration of the electric motor, the recovery pump
controller having a first communication inter-
face; and

an accessory attachable to the refrigeration circuit
concurrently with the recovery pump, the accessory
including

a sensor for detecting a characteristic value of
the refrigeration circuit, and

an accessory controller electrically connected
with the sensor to receive a signal therefrom cor-
responding with the characteristic value of the
refrigeration circuit, the accessory controller
having a second communication interface to
communicate the signal to the recovery pump
controller via the first and second communica-
tion interfaces,

wherein the recovery pump controller is operable to
control the operation of the electric motor based up-
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on the signal received from the accessory, and
wherein the accessory includes at least one of

an electrically actuated fluid valve coupled be-
tween the pump and the refrigeration circuit to
selectively place the pump in fluid communica-
tion with the refrigeration circuit, or

a gauge accessory that is attachable to the re-
frigeration circuit and is disposed remotely from
the recovery pump, the signal being indicative
of the pressure within the refrigeration circuit
proximate the gauge accessory.

[0059] Clause 21. The system of clause 20, wherein
the pump is operable in a fluid removal state, in which
the pump removes the refrigerant from the refrigeration
circuit when the electric motor is activated, and in a fluid
supply state, in which the pump supplies the refrigerant
to the refrigeration circuit when the electric motor is ac-
tivated.

[0060] Clause 22. The system of clause 21, wherein
the recovery pump further comprises a recovery pump
sensor disposed proximate at least one of a fluid inlet or
a fluid outlet for detecting a type of the refrigerant during
the fluid removal state.

[0061] Clause 23. The system of clause 21, wherein
the electrically actuated fluid valve activates the electric
motor to remove the refrigerant from the refrigeration cir-
cuit during the fluid removal state.

[0062] Clause 24. The system of clause 21, further in-
cluding a collection canister that is in fluid communication
with the pump for storing the refrigerant extracted from
the refrigeration circuit during the fluid removal state.
[0063] Clause 25. The system of clause 24, wherein
the accessory includes a measuring accessory that is a
scale to measure the weight of the refrigerant stored in
the collection canister from the refrigeration circuit.
[0064] Clause 26. The system of clause 25, wherein
the accessory controller is configured to transmit the sig-
nal to the recovery pump controller to deactivate the elec-
tric motor in response to the measuring accessory de-
tecting that the collection canister has reached a maxi-
mum weight threshold.

[0065] Clause 27. The system of clause 26, wherein
the accessory controller is configured to transmit the sig-
nal to a portable computer indicating to a user that the
maximum weight threshold has been reached.

[0066] Clause 28. The system of clause 26, wherein
the accessory controller is configured to transmit the sig-
nal to the recovery pump controller to reactivate the elec-
tric motor for supplying the refrigeration circuit with the
refrigerant from the collection canister during the fluid
supply state.

[0067] Clause 29. The system of clause 28, further
comprising a heater for increasing the temperature of the
collection canister during the fluid supply state.

[0068] Clause 30. The system of clause 29, wherein
the heater is a resistive heating element coupled to the
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collection canister.

[0069] Clause 31. The system of clause 21, wherein
the accessory controller is configured to transmit the sig-
nal to the recovery pump controller indicative of the pres-
sure within the refrigeration circuit proximate the gauge
accessory.

[0070] Clause 32. The system of clause 31, wherein
the pump is deactivated in response to the signal re-
ceived from the accessory controller corresponding to
the pressure in the refrigeration circuit being equal or
below a pressure threshold.

[0071] Clause 33. The system of clause 20, further
comprising a battery pack for providing power to the elec-
tric motor.

[0072] Clause 34. The system of clause 20, further
comprising an electronic display for communicating to
the user at least one of a performance parameter of the
recovery pump or a characteristic value associated with
the refrigeration system.

[0073] Clause 35. The system of clause 34, wherein
the performance parameter includes a load value of the
electric motor.

[0074] Clause 36. The system of clause 20, wherein
the first communication interface of the recovery pump
controlleris a first wireless interface and the second com-
munication interface of the accessory controller is a sec-
ond wireless interface.

[0075] Clause 37. A system attachable to a refrigera-
tion circuit, the system comprising:

avacuum pump attachable to the refrigeration circuit
to remove fluid therefrom, the vacuum pump includ-

ing

a pump,
an electric motor for driving the pump, and

a vacuum pump controller for controlling the op-
eration of the electric motor, the vacuum pump
controller having a first communication inter-
face; and

an accessory attachable to the refrigeration circuit
concurrently with the vacuum pump, the accessory
includes at least one of

an electrically actuated fluid valve coupled be-
tween the pump and the refrigeration circuit to
selectively place the pump in fluid communica-
tion with the refrigeration circuit, or

a gauge accessory attachable to the refrigera-
tion circuit concurrently with the vacuum pump,
the gauge accessory including

a sensor for detecting pressure within the
refrigeration circuit, and

an accessory controller electrically con-
nected with the sensor to receive a signal
therefrom corresponding with the pressure
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of the refrigeration circuit, the accessory
controller having a second communication
interface to communicate the signal to the
vacuum pump controller via the first and
second communication interfaces,
wherein the vacuum pump controller is op-
erable to control the operation of the electric
motor based upon the signal received from
the gauge accessory.

Clause 38. The system of clause 37, wherein the
pump is operable in a fluid removal state, in which
the pump removes a fluid from the refrigeration cir-
cuit when the electric motor is activated.

Clause 39. The system of clause 38, wherein the
electrically actuated fluid valve and the gauge ac-
cessory are provided.

Clause 40. The system of clause 39, wherein the
electrically actuated fluid valve includes a controller
with a communication interface for communicating
with the vacuum pump.

Clause 41. The system of clause 39, wherein the
electrically actuated fluid valve is actuated to place
the pump in fluid communication with the refrigera-
tion circuit, and wherein the electrically actuated fluid
valve activates the electric motor to remove the fluid
from the refrigeration circuit and discharge the fluid
to atmosphere during the fluid removal state.

Clause 42. The system of clause 37, wherein the
controller is configured to communicate with a port-
able computer via the communication interface to
transmit a performance parameter of the vacuum
pump to the user and to receive instructions inputted
by the user to remotely control operation of the vac-
uum pump.

Clause 43. The system of clause 37, wherein the
battery pack is a Lithium-ion battery pack.

Clause 44. The system of clause 37, further com-
prising an electronic display for communicating to
the user at least one of a performance parameter of
the vacuum pump or a characteristic value associ-
ated with the refrigeration circuit.

Clause 45. The system of clause 44, wherein the
performance parameter includes a load value of the
electric motor.

Clause 46. The system of clause 37, wherein the
first communication interface of the vacuum pump
controller is a first wireless interface and the second
communication interface of the accessory controller
is a second wireless interface.
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Clause 47. A system attachable to a refrigeration
circuit, the system comprising:

a recovery pump attachable to the refrigeration
circuit to remove refrigerant therefrom, the re-
covery pump including

a pump,
an electric motor for driving the pump,

a battery pack for providing power to the
electric motor, and

a recovery pump controller for controlling
the operation of the electric motor, the re-
covery pump controller having a communi-
cation interface; and

a vacuum pump attachable to the refrigeration
system concurrently with the recovery pump to
create a vacuum in the refrigeration circuit, the
vacuum pump including

a pump,
an electric motor for driving the pump,

a battery pack for providing power to the
electric motor, and

avacuum pump controller for controlling the
operation of the electric motor, the vacuum
pump controller having a communication in-
terface,

wherein the recovery pump controller and the
vacuum pump controller are capable of bi-direc-
tional communication via the respective commu-
nication interfaces to control operation of the
electric motors in the respective recovery pump
and the vacuum pump.

Clause 48. The system of clause 47, wherein the
pump of the recovery pump is operable in a fluid
removal state, in which the pump removes the re-
frigerant from the refrigeration circuit when the elec-
tric motor of the recovery pump is activated, and in
a fluid supply state, in which the pump of the recovery
pump supplies the refrigerant to the refrigeration sys-
tem when the electric motor of the recovery pump is
activated.

Clause 49. The system of clause 48, wherein the
pump of the vacuum pump is operable in a fluid re-
moval state, in which the pump removes a gas from
the refrigeration circuit when the electric motor of the
vacuum pump is activated.

Clause 50. The system of clause 49, further com-
prising an electrically actuated fluid valve to selec-
tively place the recovery pump and the vacuum
pump in fluid communication with the refrigeration
circuit.
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Clause 51. The system of clause 50, wherein the
electrically actuated fluid valve is a two-position
valve such that the refrigeration circuit is in fluid com-
munication with one of the recovery pump and the
vacuum pump at a time.

Clause 52. The system of clause 50, wherein the
electrically actuated fluid valve includes a controller
with a communication interface for communicating
with the recovery pump and the vacuum pump.

Clause 53. The system of clause 50, wherein the
electrically actuated fluid valve is actuated to a first
position to place the pump of the recovery pump in
fluid communication with the refrigeration circuit, and
wherein the electrically actuated fluid valve activates
the electric motor of the recovery pump to remove
the refrigerant from the refrigeration circuit during
the fluid removal state, and wherein the electrically
actuated fluid valve is actuated to a second position
to place the pump of the vacuum pump in fluid com-
munication with the refrigeration circuit, and wherein
the electrically actuated fluid valve activates the elec-
tric motor of the vacuum pump to remove the gas
from the refrigeration circuit during the fluid removal
state.

Clause 54. The system of clause 50, further com-
prising a collection canister that is in fluid communi-
cation with the pump of the recovery pump for storing
the refrigerant extracted from the refrigeration circuit
during the fluid removal state.

Clause 55. The system of clause 54, wherein the
electrically actuated fluid valve is actuated to place
the pump of the recovery pump in fluid communica-
tion with the refrigeration circuit, and wherein the
electrically actuated fluid valve activates the electric
motor of the recovery pump to supply the refrigera-
tion circuit with the refrigerant from the collection
canister during the fluid supply state.

Clause 56. The system of clause 55, further com-
prising a heater to increase the temperature of the
collection canister during the fluid supply state

Clause 57. The system of clause 56, wherein the
heater is a resistive heating element coupled to the
collection canister.

Clause 58. The system of clause 54, further com-
prising a measuring accessory including a controller
having a communication interface for communicat-
ing with the recovery pump and the vacuum pump a
characteristic value associated with the refrigeration
circuit.

Clause 59. The system of clause 58, wherein the
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measuring accessory is a scale to measure the
weight of the refrigerant stored in the collection can-
ister from the refrigeration circuit.

Clause 60. The system of clause 59, wherein the
controller of the measuring accessory is configured
to transmit a signal to the recovery pump to deacti-
vate the electric motor in response to the measuring
accessory detecting that the collection canister has
reached a maximum weight threshold.

Clause 61. The system of clause 60, wherein the
controller of the measuring accessory is configured
to transmit a signal to the user indicating that the
maximum weight threshold has been reached.

Clause 62. The system of clause 47, further com-
prising a gauge accessory that is attachable to the
refrigeration circuit and is disposed remotely from
the recovery pump and the vacuum pump.

Clause 63. The system of clause 62, wherein the
gauge accessory includes a controller having a com-
munication interface for communicating a character-
istic value associated with the refrigeration circuit
with atleast one of the recovery pump or the vacuum

pump.

Clause 64. The system of clause 63, wherein the
controller of the gauge accessory is configured to
send a signal to at least one of the recovery pump
or the vacuum pump indicative of the pressure of the
refrigeration circuit.

Clause 65. The system of clause 64, wherein the
pump of the recovery pump is deactivated in re-
sponse to the signal received from the controller of
the gauge accessory corresponding to the pressure
in the refrigeration circuit being equal or below a
pressure threshold.

Clause 66. The system of clause 47, wherein the
battery pack for the recovery pump and the battery
pack for the vacuum pump are both Lithium-ion bat-
tery packs.

Clause 67. The system of clause 47, further com-
prising an electronic display for communicating to
the user at least one of a performance parameter of
the recovery pump and the vacuum pump or a char-
acteristic value associated with the refrigeration cir-
cuit.

Clause 68. The system of clause 47, wherein the
first communication interface of the recovery pump
controller is a first wireless interface and the second
communication interface of the accessory controller
is a second wireless interface.
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Clause 69. A system attachable to a refrigeration
circuit, the system comprising:

a recovery pump attachable to the refrigeration
circuit to remove refrigerant therefrom, the re-
covery pump including a first pump, a first elec-
tric motor for driving the first pump, and a first
battery pack for providing power to the first elec-
tric motor; and

a vacuum pump attachable to the refrigeration
system to create a vacuum therein, the vacuum
pump including a second pump, a second elec-
tric motor for driving the second pump, and a
second battery pack for providing power to the
second electric motor,

wherein the first and second battery packs are
interchangeable to provide power to the recov-
ery pump and the vacuum pump.

Clause 70. The system of clause 69, wherein the
first pump is operable in a fluid removal state, in
which the first pump removes the refrigerant from
the refrigeration circuit when the first electric motor
is activated, and in a fluid supply state, in which the
first pump supplies the refrigerant to the refrigeration
circuit when the first electric motor is activated.

Clause 71. The system of clause 70, wherein the
second pump is operable in a fluid removal state, in
which the second pump removes a gas from the re-
frigerant circuit when the second electric motor is
activated.

Clause 72. The system of clause 71, further com-
prising an electrically actuated fluid valve to selec-
tively place the recovery pump and the vacuum
pump in fluid communication with the refrigeration
circuit.

Clause 73. The system of clause 72, wherein the
electrically actuated fluid valve is a two-position
valve such that the refrigeration circuit is in fluid com-
munication with one of the recovery pump and the
vacuum pump at a time.

Clause 74. The system of clause 72, wherein the
electrically actuated fluid valve includes a controller
with a wireless interface for communicating with the
recovery pump and the vacuum pump.

Clause 75. The system of clause 72, wherein the
electrically actuated fluid valve is actuated to a first
position to place the first pump in fluid communica-
tion with the refrigeration system, and wherein the
electrically actuated fluid valve activates the first
electric motor to remove the refrigerant from the re-
frigeration circuit during the fluid removal state, and
wherein the electrically actuated fluid valve is actu-
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ated to a second position to place the second pump
in fluid communication with the refrigeration circuit,
and wherein the electrically actuated fluid valve ac-
tivates the second electric motor to remove the gas
from the refrigeration circuit during the fluid removal
state.

Clause 76. The system of clause 72, further com-
prising a collection canister that is in fluid communi-
cation with the first pump for storing the refrigerant
extracted from the refrigeration circuit during the fluid
removal state.

Clause 77. The system of clause 76, wherein the
electrically actuated fluid valve is actuated to place
the first pump in fluid communication with the refrig-
eration circuit and activates the first electric motor to
supply the refrigeration circuit with the refrigerant
from the collection canister during the fluid supply
state.

Clause 78. The system of clause 77, further com-
prising a heater for increasing the temperature of the
collection canister during the fluid supply state.

Clause 79. The system of clause 78, wherein the
heater is a resistive heating element coupled to the
collection canister.

Clause 80. The system of clause 76, further com-
prising a measuring accessory including a controller
having a wireless interface for communicating with
the recovery pump and the vacuum pump a charac-
teristic value associated with the refrigeration circuit.

Clause 81. The system of clause 80, wherein the
measuring accessory is a scale configured to meas-
ure the weight of the fluid stored in the collection
canister from the refrigeration circuit.

Clause 82. The system of clause 81, wherein the
controller of the measuring accessory is configured
to send a signal to the recovery pump to deactivate
the electric motor in response to the measuring ac-
cessory detecting that the collection canister has
reached a maximum weight threshold.

Clause 83. The system of clause 82, wherein the
controller of the measuring accessory is configured
to send a wireless signal to the user indicating that
the maximum weight threshold has been reached.

Clause 84. The system of clause 69, further com-
prising a gauge accessory that is attachable to the
refrigeration circuit and is disposed remotely from
the recovery pump and the vacuum pump.

Clause 85. The system of clause 84, wherein the
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gauge accessory includes a controller having a wire-
less interface for communicating a characteristic val-
ue associated with the refrigeration circuit with at
least one of the recovery pump or the vacuum pump.

Clause 86. The system of clause 85, wherein the
controller of the gauge accessory is configured to
send a signal to at least one of the recovery pump
or the vacuum pump indicative of the pressure of the
refrigeration circuit.

Clause 87. The system of clause 69, wherein the
first and second battery packs are both Lithium-ion
battery packs.

Clause 88. The system of clause 69, further com-
prising an electronic display for communicating to
the user at least one of a performance parameter of
the recovery pump and the vacuum pump or a char-
acteristic value associated with the refrigeration cir-
cuit.

Clause 89. The system of clause 88, wherein the
performance parameter includes a load value of at
least one of the first electric motor or the second
electric motor.

Clause 90. A system attachable to a refrigeration
circuit, the system comprising:

a pump assembly attachable to the refrigeration
circuit, the pump assembly including a pump,

an electric motor for driving the pump, and
a pump controller for controlling the opera-
tion of the electric motor, the pump control-
ler having a first communication interface;

an accessory attachable to the refrigeration cir-
cuit concurrently with the pump assembly, the
accessory including

a sensor for detecting a characteristic value
of the refrigeration circuit, and

an accessory controller electrically con-
nected with the sensor to receive a signal
therefrom corresponding with the charac-
teristic value of the refrigeration circuit, the
accessory controller having a second com-
munication interface; and

a communication hub configured to receive the
signal from the second communication interface
of the accessory and transmit the signal to the
pump controller via the first communication in-
terface,

wherein the pump controller is operable to con-
trol the operation of the electric motor based up-
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on the signal received from the communication
hub.

Clause 91. The system of clause 90, wherein the
pump assembly is operable in a fluid removal state,
in which the pump removes a fluid from the refriger-
ation circuit when the electric motor is activated.

Clause 92. The system of clause 91, further com-
prising an electrically actuated fluid valve coupled
between the pump assembly and the refrigeration
circuit to selectively place the pump assembly in fluid
communication with the refrigeration circuit.

Clause 93. The system of clause 92, wherein the
electrically actuated fluid valve includes a controller
with a communication interface for communicating
with the vacuum pump.

Clause 94. The system of clause 92, wherein the
electrically actuated fluid valve is actuated to place
the pump assembly in fluid communication with the
refrigeration circuit, and wherein the electrically ac-
tuated fluid valve activates the electric motor to re-
move the fluid from the refrigeration circuit and dis-
charge the fluid to atmosphere during the fluid re-
moval state.

Clause 95. The system of clause 90, wherein the
pump controller is configured to communicate with
a portable computer via the first communication in-
terface to transmit a performance parameter of the
pump assembly to the user and to receive instruc-
tions inputted by the user to remotely control oper-
ation of the pump assembly.

Clause 96. The system of clause 90, further com-
prising a battery pack for providing power to the elec-
tric motor.

Clause 97. The system of clause 90, further com-
prising an electronic display for communicating to
the user at least one of a performance parameter of
the pump assembly or a characteristic value asso-
ciated with the refrigeration circuit.

Clause 98. The system of clause 97, wherein the
performance parameter includes a load value of the
electric motor.

Clause 99. The system of clause 90, wherein the
first communication interface of the vacuum pump
controller is a first wireless interface and the second
communication interface of the accessory controller
is a second wireless interface.

Clause 100. A recovery pump for use with a refrig-
eration circuit, the recovery pump comprising:
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a pump;
an electric motor for driving the pump;

a battery pack for providing power to the electric
motor; and

a controller for controlling the operation of the
electric motor,

wherein the controllerincludes a communication
interface forcommunicating atleast one of a per-
formance parameter of the recovery pump to a
user or a characteristic value associated with
the refrigeration circuit to a user.

Clause 101. The recovery pump of clause 100,
wherein the pumpis operable in a fluid removal state,
in which the pump removes a fluid from the refriger-
ation circuit when the electric motor is activated, and
in a fluid supply state, in which the pump supplies a
fluid to the refrigeration circuit when the electric mo-
tor is activated.

Clause 102. The recovery pump of clause 101, fur-
ther comprising an electrically actuated fluid valve
coupled between the pump and the refrigeration cir-
cuit to selectively place the pump in fluid communi-
cation with the refrigeration circuit.

Clause 103. The recovery pump of clause 102,
wherein the electrically actuated fluid valve includes
a controller with a communication interface for com-
municating with the controller of the recovery pump.

Clause 104. The recovery pump of clause 102,
wherein the electrically actuated fluid valve is actu-
ated to place the pump in fluid communication with
the refrigeration circuit, and wherein the electrically
actuated fluid valve activates the electric motor to
remove the fluid from the refrigeration circuit during
the fluid removal state.

Clause 105. The recovery pump of clause 104, fur-
ther comprising a collection canister that is in fluid
communication with the pump for storing fluid ex-
tracted from the refrigeration circuit during the fluid
removal state.

Clause 106. The recovery pump of clause 105,
wherein the electrically actuated fluid valve is actu-
ated to place the pump in fluid communication with
the refrigeration circuit, and wherein the electrically
actuated fluid valve activates the electric motor to
supply the refrigeration system with fluid from the
collection canister during the fluid supply state.

Clause 107. The recovery pump of clause 106, fur-
ther comprising a heater for increasing the temper-
ature of the collection canister during the fluid supply
state.
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Clause 108. The recovery pump of clause 107,
wherein the heater is a resistive heating element
coupled to the collection canister.

Clause 109. The recovery pump of clause 105, fur-
ther comprising a measuring accessory including a
controller having a communication interface for com-
municating with the controller of the recovery pump
a characteristic value associated with the refrigera-
tion circuit.

Clause 110. The recovery pump of clause 109,
wherein the measuring accessory is a scale config-
ured to measure the weight of the fluid stored in the
collection canister from the refrigeration circuit.

Clause 111. The recovery pump of clause 110,
wherein the controller of the measuring accessory
is configured to transmit a signal to the controller of
the recovery pump to deactivate the electric motor
in response to the measuring accessory detecting
that the collection canister has reached a maximum
weight threshold.

Clause 112. The recovery pump of clause 111,
wherein the controller of the measuring accessory
is configured to transmit a signal to the user indicat-
ing that the maximum weight threshold has been
reached.

Clause 113. The recovery pump of clause 100,
wherein the controller is configured to communicate
with a portable computer via the communication in-
terface to transmit a performance parameter of the
recovery pump to the user and toreceive instructions
inputted by the user to remotely control operation of
the recovery pump.

Clause 114. The recovery pump of clause 100,
wherein the battery pack is a Lithium-ion battery
pack.

Clause 115. The recovery pump of clause 100, fur-
ther comprising an electronic display for communi-
cating to the user at least one of a performance pa-
rameter of the recovery pump or a characteristic val-
ue associated with the refrigeration circuit.

Clause 116. The recovery pump of clause 115,
wherein the performance parameter includes a load
value of the electric motor.

Clause 117. The recovery pump of clause 100,
wherein the communication interface is a wireless
interface.

Clause 118. A vacuum pump for use with a refriger-
ation circuit, the vacuum pump comprising:
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a pump,
an electric motor for driving the pump,

a battery pack for providing power to the electric
motor, and

a controller for controlling the operation of the
electric motor,

wherein the controllerincludes a communication
interface forcommunicating atleast one of a per-
formance parameter of the vacuum pump to a
user or a characteristic value associated with
the refrigeration circuit to a user.

Clause 119. The vacuum pump of clause 118,
wherein the pumpis operable in a fluid removal state,
in which the pump removes a fluid from the refriger-
ation circuit when the electric motor is activated.

Clause 120. The vacuum pump of clause 119, further
comprising an electrically actuated fluid valve cou-
pled between the pump and the refrigeration circuit
to selectively place the pump in fluid communication
with the refrigeration circuit.

Clause 121. The vacuum pump of clause 120,
wherein the electrically actuated fluid valve includes
a controller with a communication interface for com-
municating with the vacuum pump.

Clause 122. The vacuum pump of clause 120,
wherein the electrically actuated fluid valve is actu-
ated to place the pump in fluid communication with
the refrigeration circuit, and wherein the electrically
actuated fluid valve activates the electric motor to
remove the fluid from the refrigeration circuit and dis-
charge the fluid to atmosphere during the fluid re-
moval state.

Clause 123. The vacuum pump of clause 118,
wherein the controller is configured to communicate
with a portable computer via the communication in-
terface to transmit a performance parameter of the
vacuum pump to the user and to receive instructions
inputted by the user to remotely control operation of
the vacuum pump.

Clause 124. The vacuum pump of clause 118,
wherein the battery pack is a Lithium-ion battery
pack.

Clause 125. The vacuum pump of clause 118, further
comprising an electronic display for communicating
to the user at least one of a performance parameter
of the vacuum pump or a characteristic value asso-
ciated with the refrigeration circuit.

Clause 126. The vacuum pump of clause 118,
wherein the performance parameter includes a load
value of the electric motor.
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Clause 127. The vacuum pump of clause 118,
wherein the communication interface is a wireless
interface.

Clause 128. A method of performing work on a re-
frigeration circuit, the method comprising:

connecting a recovery pump, a vacuum pump,
and an electrically actuated fluid valve to the re-
frigeration circuit;

operating the recovery pump in a fluid removal
state, in which the recovery pump removes the
refrigerant from the refrigeration circuit;
wirelessly communicating a first notification to a
portable computer in response to termination of
the fluid removal state; and

wirelessly communicating an instruction via the
portable computer to actuate the electrically ac-
tuated fluid valve to isolate the recovery pump
from the refrigeration circuitand to place the vac-
uum pump in fluid communication with the re-
frigeration circuit.

Clause 129. The method of clause 128, further com-
prising purging the refrigeration circuit with Nitrogen
gas to remove any remaining contaminants.

Clause 130. The method of clause 128, further com-
prising operating the vacuum pump to create a vac-
uum in the refrigeration circuit and wirelessly com-
municating a second notification to the portable com-
puter in response to deactivation of the vacuum

pump.

Clause 131. The method of clause 130, further com-
prising deactivating the vacuum pump as a result of
detecting a pressure threshold has been reached via
a gauge accessory.

Clause 132. The method of clause 130, further com-
prising:

wirelessly communicating a second instruction
via the portable computer to actuate the electri-
cally actuated fluid valve to isolate the vacuum
pump from the refrigeration circuit and to place
the recovery pump in fluid communication with
the refrigeration circuit; and

operating the recovery pump in a fluid supply
state, in which the recovery pump supplies the
refrigerant to the refrigeration circuit.

Clause 133. The method of clause 132, further com-
prising deactivating the recovery pump as a result
of detecting at least one of a weight threshold has
been reached via a measuring accessory or a pres-
sure threshold has been reached by a gauge acces-
sory.
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Clause 134. The method of clause 132, further com-
prising heating a refrigerant canister with a heating
element during the fluid supply state.

Claims

A system attachable to arefrigeration circuit, the sys-
tem comprising:

a recovery pump attachable to the refrigeration
circuit to remove refrigerant therefrom, the re-
covery pump including

a pump,
an electric motor for driving the pump, and
a recovery pump controller for controlling
the operation of the electric motor, the re-
covery pump controller having a first com-
munication interface; and

an accessory attachable to the refrigeration cir-
cuit concurrently with the recovery pump, the
accessory including

a sensor for detecting a characteristic value
of the refrigeration circuit, and

an accessory controller electrically con-
nected with the sensor to receive a signal
therefrom corresponding with the charac-
teristic value of the refrigeration circuit, the
accessory controller having a second com-
munication interface to communicate the
signal to the recovery pump controller via
the first and second communication inter-
faces,

wherein the recovery pump controller is opera-
ble to control the operation of the electric motor
based upon the signal received from the acces-
sory, and

wherein the accessory includes at least one of

an electrically actuated fluid valve coupled
between the pump and the refrigeration cir-
cuit to selectively place the pump in fluid
communication with the refrigeration circuit,
or

a gauge accessory that is attachable to the
refrigeration circuit and is disposed remote-
ly from the recovery pump, the signal being
indicative of the pressure within the refrig-
eration circuit proximate the gauge acces-

sory.

2. Thesystem of claim 1, wherein the pump is operable

in a fluid removal state, in which the pump removes
the refrigerant from the refrigeration circuit when the
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electric motor is activated, and in a fluid supply state,
in which the pump supplies the refrigerant to the re-
frigeration circuit when the electric motor is activated.

The system of claim 2, wherein the recovery pump
further comprises a recovery pump sensor disposed
proximate at least one of a fluid inlet or a fluid outlet
for detecting a type of the refrigerant during the fluid
removal state.

The system of claim 2, wherein the electrically actu-
atedfluid valve activates the electric motor to remove
the refrigerant from the refrigeration circuit during
the fluid removal state.

The system of claim 2, further including a collection
canister that is in fluid communication with the pump
for storing the refrigerant extracted from the refrig-
eration circuit during the fluid removal state.

The system of claim 5, wherein the accessory in-
cludes a measuring accessory that is a scale to
measure the weight of the refrigerant stored in the
collection canister from the refrigeration circuit.

The system of claim 6, wherein the accessory con-
troller is configured to transmit the signal to the re-
covery pump controller to deactivate the electric mo-
torin response to the measuring accessory detecting
that the collection canister has reached a maximum
weight threshold.

The system of claim 7, wherein the accessory con-
troller is configured to transmit the signal to a portable
computer indicating to a user that the maximum
weight threshold has been reached.

The system of claim 7, wherein the accessory con-
troller is configured to transmit the signal to the re-
covery pump controller to reactivate the electric mo-
tor for supplying the refrigeration circuit with the re-
frigerant from the collection canister during the fluid
supply state.

The system of claim 9, further comprising a heater
for increasing the temperature of the collection can-
ister during the fluid supply state.

The system of claim 10, wherein the heater is a re-
sistive heating element coupled to the collection can-
ister.

The system of claim 2, wherein the accessory con-
troller is configured to transmit the signal to the re-
covery pump controller indicative of the pressure
within the refrigeration circuit proximate the gauge
accessory, and optionally, wherein the pump is de-
activated in response to the signal received from the
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accessory controller corresponding to the pressure
in the refrigeration circuit being equal or below a
pressure threshold.

The system of claim 1, further comprising a battery
pack for providing power to the electric motor.

The system of claim 1, further comprising an elec-
tronic display for communicating to the user at least
one of a performance parameter of the recovery
pump or a characteristic value associated with the
refrigeration system, and optionally, wherein the per-
formance parameter includes a load value of the
electric motor.

The system of claim 1, wherein the first communica-
tion interface of the recovery pump controller is a
first wireless interface and the second communica-
tion interface of the accessory controller is a second
wireless interface.
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